Purpose: This is the first population-based descriptive study of hospitalised eye injuries in New South Wales (NSW), Australia that also estimates the cost of these injures to the health system. The purpose is to describe the incidence and cause of hospitalised eye injuries in NSW from 1 July 2000 to 30 June 2005.
INTRODUCTION
Eye injuries are an issue for public health, irrespective of whether they occur at work, home or during play. An eye injury has the potential to impact on an individual's employment prospects and their capacity to maintain independence; disfigurement can result in less tangible issues, such as appearance and sense of self worth.
There is limited population-based information regarding the incidence and type of ocular trauma experienced by individuals [1] . From what is known, it appears that men are more likely to sustain an eye injury than women [1] [2] [3] [4] [5] [6] . Between 44% [3] and 60% [1] of eye injuries in Victoria, Australia were estimated to be work-related. In particular, severe work-related eye injuries (i.e. penetrating injuries or injuries requiring hospitalisation) have been reported to encompass around 17% [3] of all eye injuries and represent 1.6% of occupational eye injuries [2] . Similarly, in the United States, 14% of serious eye injuries were found to occur in the workplace [7] . However, more recently published studies also report that the home is one of the most common locations for serious eye injuries [7, 8] .
In the United States, the hospitalised incidence of eye injuries has been decreasing over time, particularly for workrelated eye injuries [4] . It has been surmised that the down-*Address correspondence to this author at the School of Optometry and Vision Science, UNSW, Australia and School of Human Movement Studies, University of Queensland, Australia; Tel: +61 2 4782 3472; E-mail: j.long@unsw.edu.au, jlong@visualergonomics.com.au ward trend in occupational eye injuries may be due to the introduction of occupational health and safety legislation and the promotion of protective eyewear in the workplace [4, 7, 8] . However, in Australia, the trend of eye injury incidence over time has not been described.
Little is known regarding the incidence and characteristics of hospitalised eye injuries in New South Wales (NSW), Australia's most populous state with around 6.4 million residents [9] , nor is there information regarding the direct cost of these injuries to the health service. This study seeks to obtain an estimate of the incidence and cause of hospitalised eye injuries involving NSW residents and to determine the direct cost of hospitalisation for these injuries to the health system.
MATERIALS AND METHODOLOGY
A descriptive study of hospitalised eye injuries was conducted using a retrospective review of information recorded in the NSW Admitted Patients Data Collection (APDC) during 1 July 2000 to 30 June 2005.
Data Source
Data from the NSW APDC include information on inpatient separations for NSW residents from public and private hospitals, private day procedures, and public psychiatric hospitals. It also includes data on episodes of care in hospital, which end with the discharge, transfer, or death of the patient, or when the service category for the admitted patient changes. The hospitalisation data were coded using the Australian Modification of the International Classification of Diseases (ICD-10-AM) [10] [11] [12] [13] .
The direct hospitalisation cost for each admission for an eye injury was calculated for the 1 July 2003 to 30 June 2005 period for public hospitals only from the Commonwealth Department of Health and Ageing's National Hospital Cost Data Collection [14] . The average direct cost per diagnosisrelated group (DRG) for the procedures conducted for eye injuries were multiplied by the number of these procedures conducted and the total added to calculate the direct cost.
Case Selection Criteria
Hospitalised eye injuries of NSW residents were identified using the following criteria:
• the hospitalisation was for a patient who was a resident of NSW; and • the ICD-10-AM principal diagnosis consisted of an injury to the eye: S00. 
Data Management and Analysis
Hospitalisations relating to transfers between hospitals and changes in the service category (e.g. a change from acute to rehabilitation for a patient during one episode of care in a single facility) were excluded in order to attempt to partly eliminate 'multiple counts' [15] .
Analyses were performed using SAS [16] . Age-and sexspecific population estimates at 31 December of each of the years under study were obtained from the NSW Health Department. These correspond to the mid-point of each financial year of hospitalisation data and were extrapolated from Australian Bureau of Statistics (ABS) population estimates at 30 June [15] . Direct age standardised rates were calculated using the estimated Australian residential population at 30 June 2001 as the standard population. Ninety-five percent confidence intervals (95% CI) were calculated assuming a Poisson distribution [17] . Because of over-dispersion, negative binomial regression was used to examine the statistical significance of changes in the trend over time of hospitalised eye injuries [18] .
The NSW APDC includes hospitalisations of NSW residents that occurred in another state or territory, identified by their state of residence. These hospitalisations were included in the analysis to ensure the numerator and the denominator were as closely matched as possible. However, hospitalisation data for NSW residents in another state or territory were not available for 2004-05 at the time of analysis and are therefore not included in the analysis. They were estimated based on location of residence of the injured individuals during the past 4 years to include 59 admissions or 3.4% of hospitalised eye injuries based on the average of the past four years.
RESULTS
There were 8,485 NSW residents hospitalised as a result of an eye injury during 2000-01 to 2004-05, giving an annual rate of 25.5 per 100,000 population ( Table 1 ). The rate of hospitalisation for eye injuries during 2000-01 to 2004-05 did not change significantly per year (p<0.9). Just under three-quarters of all hospitalised eye injuries occurred to males (71.9%), with males having two and a half times the rate of hospitalisation for eye injuries than females ( Table 1) . Males aged 20-24 years and females aged 85 years or over had the highest rates of hospitalisation for an eye injury for each gender (Fig. 1) .
Injuries of the eye and orbit were the most common type of eye injury requiring hospitalisation (40.8%) ( Table 2 ) and this trend was consistent for all age groups. Foreign bodies entering the eye were the most common reason for hospitalisation of children younger than 9 years (21.8%, n=178 0-4 years; 13.2%, n=108 5-9 years). Fractures were most common in youth and young adults: 15-19 years (11.9%, n=231), 20-24 years (16.4%, n=317), and 25-29 years (14.6%, n=283). In particular, young males (15-34 years) made up almost half (48.2%, n=935) of all fractures. Injuries to the eye and orbit were the most common reason for hospitalisation of individuals older than 75 years (39.2%, n=333). Retention of an old foreign body in the eye were common in Where an external cause code was present, interpersonal violence (27.4%), struck by/ struck against (20.2%), falls (15.7%), effects of foreign bodies entering the eye (10.9%), and motor vehicle crashes (6.1%) were the most common types of injury mechanisms that resulted in an eye injury requiring hospitalisation ( Table 3) .
The home was the most common specified location where the injury occurred (19.0%). However, unspecified places accounted for 44.1% and not known places for 3.2% of the locations where the eye injury occurred ( Table 3) .
Just less than 10% of hospitalised eye injuries were identified as being work-related (n=833). Where an incident was identified as work-related, the majority of injuries occurred to males (92.1%) and involved those aged 20-44 years (64.3%). Injuries to the eye and orbit (53.7%) were the most common type of injury for work-related hospitalisations and these were commonly caused by foreign bodies entering the eye (25.0%) or by being struck by/ struck against (24.1%) ( Table 4 
DISCUSSION
Hospitalised eye injuries represent a serious public health issue for NSW. The annual rate of hospitalised eye injuries in NSW over the 5 year period examined was estimated at 25.5 per 100,000 population. This is within the range of inpatient eye injuries which have been calculated elsewhere to be between 8.1 and 29.1 per 100,000 population [8] . While the incidence of hospitalised eye injuries in NSW appears to be near the top of this range, there are differences between the conduct of these studies, such as use of different case definitions, that hamper direct comparisons.
Males accounted for the majority of hospitalised eye injuries in NSW, representing just less than three-quarters of all hospitalisations. Males had a higher proportion of all injury mechanisms compared to females, except for falls. This difference in proportion between genders is likely to be due to the increased likelihood of males to be involved in interpersonal violence and other incidents where their eye is struck by objects or equipment [7, 19, 20] . Males also accounted for almost all of the work-related eye injury hospitalisations. This is likely to be due to occupational demographics where working males are more likely than females to be employed in hazardous occupations where the risk of injury is higher [21] .
Age-related trends for eye injury hospital admissions in the current study peaked in males aged 20-24 years. A peak in this age group was also found in Victoria [3] and in the United States [19] . In the current study, the injury rate for females over the age of 75 years exceeded the injury rate for males of the same age. In fact, the eye injury rate for a female older than 80 years approached the rate of that of a 20-24 year old male. Reasons for this high incidence of eye injuries in older females are not entirely clear, but are likely to relate to the incidence of falls in this age group and subsequent fracture of the orbital floor. However, this bimodal distribution of injuries is consistent with that published in other studies [22] [23] [24] .
Interpersonal violence was the most common injury mechanism associated with a hospitalised eye injury and was greatest in males 20-44 years old (70.5%, n=1,605) and largely accounts for the injury peak for 20-24 year olds. In contrast, in the United States, foreign bodies entering the eye were the most common injury mechanism, accounting for between 41.7% [4] to 44.6% [19] of injuries resulting in presentation to an emergency department. While the use of Rate per 100,000 population different classification systems makes exact comparisons difficult, it appears that the proportion of foreign bodies entering the eye in the current study (10.9%) is far lower than that reported in the United States. However, the United States research used data from emergency department presentations, which is likely to represent less severe eye injuries than the current research where all persons were admitted to hospital.
It has been estimated that severe eye injuries, including those that need hospitalisation and those that result in a permanent or significant change in ocular function, account for less than 10% of all eye injuries [3, 7] . Therefore, many eye injuries, including corneal foreign bodies, lacerations to the eye orbit and welding flash burns, are not represented in this data analysis. Nevertheless, foreign bodies entering the eye were the greatest cause of work-related injuries in this study (25.0%) . This is consistent with other published reports that foreign bodies are a common mechanism for all work-related eye injuries, both severe and non-severe [2, 3, 19] , and may reflect the inherent risks within some occupations. Around 10% of all hospitalised eye injuries were identified as work-related. This proportion is less than that reported in the United States for severe ocular trauma identified as work-related (14%) [7] . It is also less than that reported in Victoria [3] for patients admitted to hospital with work-related eye injuries (17%). However, it is likely that the proportion of missing (38.6%) and unspecified (35.7%) activity codes, which are largely used to identify workrelated hospitalisations in NSW, may have contributed to an under-enumeration of work-related hospitalised eye injuries in the current study. While there are some differences in the epidemiological characteristics of eye injury hospitalisation in both workrelated and other settings, it is likely that the broader community would benefit from injury prevention strategies that have been developed predominantly for the work-related setting. For example, in the work setting a number of prevention strategies have been promoted to attempt to prevent eye injuries, such as use of protective goggles or face masks, yet these types of devices have yet to be widely promoted to the general community as safety measures to prevent serious eye injuries.
The most common specified location where the eye injury occurred was the home (19%) and this was twice as frequent as any other specified location. The home was also a common location of ocular trauma in Victoria, accounting for 24% of incident locations [1] , and in the United States, accounting for between 41% [7] to 44.6% [19] of locations. Again, the differences in the methodology of these studies, particularly the different case definitions adopted for injury severity, are likely to contribute to different proportions found for the locations of the injurious incident.
The calculation of the direct cost of hospitalisation of eye injuries of just less than $7.5 million for a 2 year period represents a conservative estimate of the cost of these injuries to the community and to the health system. Other costs, such as hospital overhead costs and indirect costs, including outpatient treatment, loss of productivity, should be taken into account in future studies of the cost impact of eye injuries to NSW.
Limitations of the current analysis include a lack of detail regarding the location where the incident occurred (ie. the location where the injury occurred was unspecified in 44.1% cases and not known in 3.2% of cases) and a likely underenumeration of the total number of hospitalised eye injuries as only the principal diagnosis of injury was used to identify eye injuries and for 2004-05 information was not available for NSW residents hospitalised for an eye injury in another Australian state. It is possible that some individuals, particularly with head trauma, also had associated eye injuries that may have been recorded in supplementary diagnoses codes. There is also likely to be an under-enumeration of the identification of work-related cases since the identification of work-relatedness was undertaken using three mechanisms, none of which provide comprehensive coverage [25] . The ability to directly compare the findings of this study to others was hampered by the use of different classification systems, different inclusion criteria (eg. inpatients and/or outpatients) and different case definitions of "severe" or "serious" eye injuries. Similarly, it was difficult to compare the direct costs to the health system with other Australian studies due to different methods of direct cost calculation [3] . Despite these limitations, this study has been the first to describe the incidence of hospitalised ocular trauma and to estimate its cost in NSW.
CONCLUSION
This study has shown that eye injuries are an important cause of hospitalised injury in NSW. It has also highlighted that young men and elderly women have the highest risk of hospitalised eye injuries and that these groups should be targeted for preventive activities. Overall, injuries to the eye are preventable and relevant precautions should be undertaken to limit the incidence of injury to the eye, particularly in the home environment and the work-related setting.
